This study is aiming to evaluate the association between television viewing during childhood and long-term adolescent neuropsychological outcomes and the potential explanatory pathways. This is a longitudinal study based on 278 children participating in the INMA birth cohort (1998) in Menorca Island, Spain. The exposure is parentreported duration of child television viewing (hours per week) at 6 and 9 years of age. Neuropsychological outcomes were assessed at 14 years of age using the N-back test. Behavioral outcomes at 14 years of age were assessed using the Strengths and Difficulties Questionnaire (SDQ) and school performance was assessed by the global school score. Regression models were developed to quantify the associations between duration of television viewing and neuropsychological outcomes adjusted for child and parents' characteristics. The average of weekly TV viewing from 6 to 9 years was 9.2 h (SD: 4.1). Only N-back test outcomes exhibited statistically significant differences in crude models. Children viewing N14 h per week tended to show larger latencies in working memory reaction time (HRT in ms), beta (CI) = 53 (0-107). After adjusting for potential social confounders, the association weakened and became non-significant but adverse trends were slightly preserved. Early life TV viewing was not associated with adolescent neuropsychological outcomes after adjustment for potential confounders. Further research including larger and exhaustive population-based cohort studies is required in order to verify our conclusions.
Introduction
In the past years, there has been a dramatic increase in the use of television and digital media. Nowadays media plays a central and ever increasing role in the lives of children and adolescents [1] . This has raised a question on whether media affects neuropsychological development in children and adolescent. Some studies have aimed to address the potential health effects of media exposure over the years but the effects remain unclear due to the complexity of the exposure and the possible confounders such as socio-economic status, family structure and mother's mental health [2] [3] [4] [5] .
The American Academy of Pediatrics (AAP) in 2011 reaffirmed its original 1999 statement on children and media, leaving it essentially unchanged [6] . AAP discourages television viewing in the first two years of life and recommends a daily limit of 1 to 2 h of quality programming for older children. Despite these recommendations, many studies in the last ten years have shown most of children surpass this recommended exposure time [7] [8] .
Available evidence on the impact of television watching and media use on neuropsychological development is inconsistent. While a few cross-sectional studies and fewer longitudinal studies suggest adverse effects, others suggest media has a beneficial effect on neuropsychological development [9, 10] . Such inconsistency can be partly attributed to different methodologies applied by these studies. The majority of studies available are cross-sectional by design and have a limited capability to establish a causal link. To establish such a link an experimental study would be ideal although it would require an unlikely long term modification of lifestyle factors to study of the possible cognitive effects of television viewing on children. A longitudinal design is warranted in order to attribute certain degree of causality in the association, particularly in population-based cohort studies followed consistently for longterm periods.
The aim of this study was to evaluate the association between television viewing time during childhood and long-term adolescent neuropsychological outcomes including cognitive performance, mental health, and school performance, as well as to explore and the potential explanatory pathways.
Methods

Population and study design
This study was conducted in an established population-based birth cohort in Menorca, Spain, which is a member of the INMA (INfancia y Medio Ambiente) network of birth cohorts [11] . In INMA cohorts, mothers were recruited at the first prenatal check-up if they met the inclusion criteria [1] [11] . In the Menorca cohort, recruitment of pregnant woman began in 1997-1998 (n = 482, 94% eligible). Written consent was obtained from all participants at recruitment and before each follow-up. At the final follow up (year 2012) there was a 58% of participation rate (n = 278). The study was approved by the appropriate ethical committees, and written informed consent was obtained from the parents of all children before enrollment in the study.
Main exposure: television viewing time
Data were obtained prospectively by interviewing the children and their parents using standardized questionnaires completed by trained evaluators. Children were assessed with repeated measures on time spent watching television at 6, 9 and 14 years old. The child's television viewing duration was assessed according to parental report at 6 and 9 years of age by asking the following open-ended question "How many hours per week does your child watch television?" We constructed a four part categorical variable with the mean of weekly television viewing duration at 6 years and at 9 years. The groups were: reference group (children viewing b 7 h/w), short duration (from 7 to 9 h/w), medium duration (from 10 to 13 h/w) and long duration (N14 h/w). Since the American Academy of Pediatrics recommends watching b2 h per day [6] (14 h per week), children surpassing the recommended time are found in the last group.
Main outcomes: neuropsychological outcomes
Neuropsychological assessments were conducted at the 14 year old follow-up using the N-Back test by trained examiners. This test has been employed to investigate the neural basis of working memory processes and for the purpose of this study consists of a series of 2 different stimuli (numbers and words) presented in the center of the screen. All participants are required to press a specific button whenever a given stimulus is the same as the one presented n trials previously (1-, 2-and 3-back) [12] . Hit Reaction Times (HRTs) are obtained for each of the n trails (e.g. HRT2). An average HRT is computed from the hits of each load separately. As a measure of response accuracy, the d prime (d') was calculated as a measure of detection, for each block separately. Higher d' indicates better signal detection whereas higher HRT indicates more time for reaction.
Other outcomes
The Strengths and Difficulties Questionnaire (SDQ) was used to evaluate children's behavioral functioning at 14 years old. The SDQ questionnaire consists of four difficulties subscales including emotional symptoms, conduct problems, hyperactivity/inattention, and peer relationship problems, and a strengths subscale for pro-social behavior. Each subscale comprises five items that can be scored zero, one, or two, with each total subscale score can range from zero to 10. An SDQ total difficulties score (range 0-40) was calculated by summing the scores of the four difficulties subscales (i.e. all subscales except for pro-social) [13] . Higher scores for total difficulties and individual difficulties subscales indicate more behavioral problems. For this study, the total SDQ score was used as a continuous variable in our analyses.
School performance at 14 years of age was obtained through the question "Which was the global mark in your last course?" The marks were classified into the following categories: fail (1-4.9), pass (5-6.9), good (7-8.4) and excellent (8.5-10).
Confounding and mediating variables
Data was obtained through standardized questionnaires administered to the parents in each follow-up visit by a trained examiner. These questionnaires included socio-demographical characteristics of the parents and information about child lifestyles (physical activity, sleeping duration, cultural activities). The children's cognitive background was obtained by a trained psychologist using different tests (Bayley's and McCarthy Scales). Other variables such as anthropometric measures were obtained through review of clinical reports and parental mental health (SCL90-R) and maternal IQ (Factor G Catell) were obtained by self-completed rating scales and a trained psychologist, respectively.
A priori, we took into consideration an extended list of confounders (Appendix 1) including: age in years at test, sex, body mass index at 14 years, parental education level and parental social class (both indicators of socio-economical status), having babysitter at 4 years and mother alcohol and tobacco consumption during pregnancy.
Mediating variables (i.e. variables in the causal pathway between TV viewing time and neuropsychological outcomes) were obtained from the questionnaires and tests administered at the 6 and 9 year followup. The child physical activity and sleep duration were assessed according to parental report at 6 and 9 years of age. For each mediating factor, a new variable was created using the mean of hours per week at 6 and 9 years of age. Cultural activities (theatre, languages) only were asked at 9 years of age and a new variable was constructed with hours per week practicing these kinds of activities. Television viewing time at 14 years was obtained through the same question as at ages 6 and 9 years and a continuous variable was constructed.
Statistical analysis
Of all 14 year old participants, 80% had complete data on neuropsychological development and the main covariates and were included in the final analysis (n = 278). Linear regression models were used to estimate the effects of television exposure on neuropsychological test outcomes. School marks were not shown in Section 3 as no crude association was found. Minimally-adjusted models included age at test as a mandatory child variable.
Correlations between the three measures of TV viewing times (6, 9 and 14 years of age) were analyzed. To address confounding, bivariate analyses were conducted. Predefined variables were selected a priori based on available literature (Appendix I). However, covariates were included in the final model only when they showed a crude association with both the exposure and the outcome (p-values b 0.20) and they were retained in the final fully adjusted model only if they modified the coefficient by N 10%. Covariates retained in each model are listed in Result table footnotes. DAG models were also constructed as an alternative method (Appendix II). Since DAG final results were similar to that observed in stepwise models, data is not shown.
Supplemental analyses were conducted in order to examine the role of possible intermediate factors (physical activity, sleeping habits and cultural activities) using the Baron and Kenny method with regression models to test mediation. In these analyses, minimally-adjusted models included all the covariates found in the analyses performed above and were compared to other two models. Collapsed model (all covariates and mediators were included) and separate models excluding only each intermediate factor each time.
Statistical analyses were performed using STATA Special Edition 12.1 (Stata Corp, College Station, TX, USA).
Results
On average, children watched 7.7 (SD: 4.3) hours of TV per week at 6 years and 10.7 (SD: 5.7) hours/week at 9 years. The average of weekly TV viewing from 6 to 9 years was 9.2 (SD: 4.1) hours. A description of the characteristics of the study population by duration of TV viewing is shown in Table 1 . In the bivariate analysis, boys watched more hours of TV per week compared to girls. Children with a BMI of N25 kg/m [2] were associated with being more likely to watch more television. Children who lived in homes with lower social class and lower parental education, as 50% of the mothers and 64% of the fathers who belong to a manual social-class have stronger association with TV viewing duration. Almost 60% of the children did not have babysitter at 4 years which was associated with longer television viewing. Related to children lifestyles, less average of sleep per day and longer duration of TV viewing in childhood were associated with more TV viewing at 14 years of age (Table 1) . At the 14 years old visit, the median of television viewing per week increased and was 21 h per week. Moderate correlations coefficients were observed between 6 and 9 years exposure (0.34) and between 9 and 14 years of age (0.23). Table 2 is a description of neuropsychological outcomes of children at 14 years of age by duration of TV viewing time at 6 and 9 years of age. Some of the N-back test outcomes exhibited differences statistically significant between children viewing TV b9.5 h compared to children viewing TV N14 h per week. Children classified in this last group tended to show larger latencies in working memory reaction time (HRT). We found no relevant differences in the other outcomes except for d′ in 3-back-words tests which showed better scores with those children viewing less TV. Table 1 Study variables of interest by duration of TV viewing at child's 6 and 9 years of age (Menorca, 1998 (Menorca, -2012 .
Variables of interest TV viewing time (h/w) All
Reference group b7 (n = 88), median Short duration 7-9 (n = 86), median
Medium duration 10-13 (n = 61), median Table 3 presents the coefficients and 95% CI of association between the duration of television viewing at 6 and 9 years of age and the main N-back outcomes at 14 years of age from crude and adjusted regression models. The HRT1 global model, which is the outcome including both stimulus (numbers and words), showed a downwards trend suggesting that children viewing TV N14 h per week performed worse in the test at a statistically significant level in the crude models. The same tendency is noted in HRT2 global. In adjusted models, regression coefficients were reduced to not statistically significant levels but slightly preserved the similar trends as crude models. Maternal social class seemed to have a notable effect in the regression coefficients (data not shown). Neither interactions with social class nor collinearity with the confounders were found between the exposure and the main outcomes (data not shown). Neither sex nor ADHD diagnosis were shown to materially change the results. SDQ and school performance did not show any adjusted association with TV viewing duration ( Table 2 ).
We also examined the possible pathways leading to the association between TV viewing time and neuropsychological outcomes. Adjusted models by potential intermediate factors statistically related with the exposure and outcome are described in. Table 4 . Television viewing at 14 years old showed no coefficient changes with its inclusion and exclusion from the models (data not shown). Cultural activities at 9 years were not tested because of the lack of association with the exposure. Once we excluded physical activity, a moderate increase in the beta coefficient (30%) were noted in those children watching TV N 14 h per week. No other coefficient changes were observed with the exclusion of sleep duration. However, as previous adjusted models showed in Table 3 , none of the regression coefficients shown in Table 4 were statistically significant.
Discussion
In this longitudinal population-based study of children followed from birth to 14 years of age, average weekly TV viewing by children between 6 and 9 years of age was not associated with lower adolescent cognitive, behavioral and school performance scores. In our cohort, after adjustment for socio-demographical factors, there was no significant longitudinal association between children over passing AAP TV exposure threshold (N 2 h/day) and adverse working memory outcomes. Meanwhile, some consistencies with adverse trends between crude and adjusted models were maintained, suggesting a need for more data on cognitive scores and this sedentary behavior in larger population-based cohort studies.
As opposed to our results, in the Longitudinal Survey of Youth-Child (NLSY) [14] , investigators reported that TV and video viewing before the age of 3 was associated with lower Peabody Reading Achievement and Wechsler Memory for Digit Span scores at age 6 years, the latter being an indicator of working memory. Lower working memory is Table 2 Child neuropsychological outcomes at 14 years old by duration of TV viewing at 6 and 9 years of age (Menorca, 1998 (Menorca, -2012 Table 3 Crude and adjusted models of child television viewing duration at 6 and 9 years of age and neuropsychological outcomes at 14 years of age (Menorca, 1998 (Menorca, -2012 .
Child outcomes, (n = 278)
TV viewing time at 6 and 9 years (h/w) c
p-Trend
Short duration (7-9, n = 86) coefficient (95% CI)
Medium duration (10-13, n = 61) coefficient (95% CI) linked to lower general cognitive functioning and lower learning achievement [15] . A cross-sectional study by Nathanson et al. [16] , found that several indicators of television exposure such as cumulative hours viewing television or the age at which children first began watching TV were significantly related to executive function. However, Schmidt et al. [8] , reported that television viewing before 3 years was not associated with lower language and visual motor skills at age 3 after adjusting for maternal, child and household characteristics. They suggested that the effects of TV on infants may not be apparent until children are older than 3 years old. Johnson et al. [17] and Haconx et al. [18] found that television viewing in childhood and adolescents were associated with poor education achievement by 22 and 26 years of age, respectively, suggesting that is possible that the effects of TV on school achievement are not apparent until children are older than 14 years old. In addition, some analysis found when looking closely at the data and its relation to other covariates, particularly maternal and social factors, no association is found except when looking at the most at risk, high use group of child television viewers [19] . The effects of more television watching may come to a head later in life in an amplification of the trend that we see in our analysis of lower cognitive outcomes and more television watching. Our analysis shows a moderate correlation between the three time exposures suggesting that early high exposure to television viewing may predict high television viewing years later. The continuous elevation of time watching television along with the proportional amplification of television and screen time during the life course may result in a poor cognitive performance in later years.
In our study there was no association between television viewing and the behavioral outcomes as tested by the SDQ or any association with school marks. This finding is in contrast with other studies that have reported a negative association with school marks and television viewing and worse behavioral outcomes with more television watching. It is possible that the content of the television watching is important in relation to beneficial effects of educational television programs on the educational outcomes such as school performance. [14] .
In the current literature there are a few proposed potential explanatory pathways. In one study, cultural or extracurricular activities, such as musical education and being bilingual, were associated to cognition outcomes [20, 21] .We did not find support for this explanatory pathway. Sleep duration and physical activity have long been associated with both television viewing and mental health outcomes [4, [22] [23] [24] [25] [26] [27] . Sleep duration and physical activity were associated with both exposure and outcome but only child physical activity seemed to suggest a mediation effect in the final model, however with inconclusive results, due to the lack of independent association between the exposure and the outcome. Physical activity could plausibly mediate the relationship between television viewing and neurocognitive outcomes through the timedisplacement theory which suggests that television viewing displaces or takes time away from such intellectually demanding activities as reading or homework, creative and imaginative activities, physical activities and social interaction [14, [28] [29] . On the other hand, new evidence has suggested an independent association between physical activity and sedentary behavior, meaning that time spent in sedentary activity does not affect the time spent doing physical activity [30] . Possibly physical activity itself is a protective factor when it comes to cognitive outcomes. Hillman et al. [31] conclude in their review that physical activity alone can lead to better overall brain health and cognition in the lifespan.
Our study had several strengths; firstly, the study is based on a longitudinal birth cohort, based on prospectively collected data up to age 14 years and the cohort's participants were successfully recruited from the general population making the results appropriate to generalize. The quality and quantity of different types of data points collected allows us to reduce reporting bias. Considering our exposure measure of parental reported television viewing, Anderson et al. [32] found that parental report of television exposure was an adequate measure when compared with parental diary estimates assessed by videotape observations. In relation to the complexity of the phenomenon studied, our analyses included the ability to control for a large variety of socio-demographic variables at 6 and 9 years of age and psychosocial factors such as maternal IQ that could otherwise lead us to draw wrong conclusions. The results suggest that social class and other covariates have a relevant confounding effect on television viewing and neuropsychological test outcomes. A larger sample size with detailed analysis will be able to look into this effect and conclude if the cofounding effects are the primarily reasons for the outcomes found.
A main limitation is that the content of the TV viewed was not available. An emerging body of evidence suggests that content is an important mediator of the effects of TV on infants [30, [33] [34] [35] . For example, there is evidence that children who watch more adult content television, as opposed to educational programming created for children have worse executive function outcomes [16] . We have no data on television viewing before age of 6 years and are unable to assess whether preschool television viewing might also be related with cognitive outcomes collected later in life. We also did not have data on using computers, tablets, mobile phones, game consoles, etc. At the time of data collection these devices were not ubiquitous, but to make conclusions about modern media usage these other forms of media consumption must be considered.
In our description of missing data we found a potential for bias in regards to the maternal educational status. There was a non-random loss to follow up with children whose mothers had less educational experience. This should also be kept in mind as we had changes in our significance when we controlled for social variables and this potential bias Table 4 Child television viewing duration adjusted models by potential intermediate factors and 14-year-old neuropsychological outcomes (Menorca, 1998 (Menorca, -2012 .
Child outcomes (n = 278) TV viewing time at 6 and 9 years (h/w) a p-Trend Short duration (7-9, n = 86) coefficient (95% CI) Medium duration (10-13, n = 61) coefficient (95% CI) Long duration (≥14, n = 43) coefficient (95% CI)
HRT1_global
Basic parental education level and alcohol consumption during pregnancy. Model B is additionally adjusted for physical activity at 6 and 9 years and sleeping duration at 6 and 9 years. Model C is like model B without physical activity at 6 and 9 years. Model D is like model B without sleeping duration at 6 and 9 years. The p for trend shown is the categorical value as a continuous one to see if there is a significant trend line within the variable and between the groups.*p b 0.10; **p b 0.05. CI, confidence interval.
could have consequences in our results. Lastly our sample size can make suggestion about tendency but does not have the power to make strong conclusions about neurocognitive test outcomes at age 14. A larger sample size and a controlled experimental study can give clearer answers on the association tendencies we see here.
Conclusions
In this prospective study, long-term association with early life TV viewing and adolescent working memory functioning was not found in a model adjusted for potential confounders, such as maternal social class level. Since the association trends were slightly preserved, we cannot discard the possibility to find an independent association with a larger sample size. This result has been supported in other studies but further research on large population-based birth cohort studies including TV and other types of media exposure are required, this is in order to confirm whether or not there is an association and further investigate the potential explanatory pathways or confounding effects of TV-related socio-demographic characteristics on long-term child and adolescent neuropsychological development.
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